ABSTRACT
Tests of a standard, aircraft-type, pitot-static probe were conducted in the 12-in. supersonic tunnel of the von Karman Gas Dynamics Facility to evaluate the effects on the probe total and static pressures resulting from drawing flow from the tube or putting flow into the tube. The data were obtained with the probe at zero angle of attack in a supersonic stream at Mach numbers from 1.5 to 5, and the Reynolds number per inch ranged from 0. 12 x 10° to 0. 58 x 10". The results are presented in terms of the ratio of measured probe pressure to the pressure for no tube flow as a function of a nondiniensional parameter representing the quantity of flow being passed through the tube. 
INTRODUCTION
An experimental investigation directed toward studying the feasibility of a fluid state air data computer which would require air flow through the data probe was conducted in the 12-in. supersonic tunnel (Gas Dynamic Wind Tunnel, Supersonic (D)). A conventional, aircraft-type, pitot-static probe was chosen for the investigations, and the objective of the test program was to determine how the indicated probe total and static pressures would change as various flow rates through the probe ducts were maintained by throttling the flow to an external vacuum or from a high pressure air source.
Pressure and flow rate measurements were obtained at Mach numbers of 1. 5, 2, 2. 5, 3, 4, and 5 with the probe aligned at zero angle of attack. At a given Mach number, tunnel stilling chamber conditions were held constant as the flow through the probe was varied.
SECTION II APPARATUS

WIND TUNNEL
Tunnel D is an intermittent, variable density wind tunnel with a manually adjusted, flexible-plate-type nozzle and a 12-by 12-in. test section. The tunnel operates at Mach number's from 1. 5 to 5 at stagnation pressures from about 5 to 60 psia and at stagnation temperatures up to about 80°F. A description of the tunnel and airflow calibration information may be found in Refs. 1 and 2.
MODEL
A sketch of the pitot-static probe used during these tests is presented in Fig. 1 . The probe was furnished by AFFDL, and is identified by the manufacturer (Rosemount Engineering Company) as Type TRU-l/A, Model 850. The pitot tube of the probe was modified by extending the 0, 1875-in. -diam bore through a baffle plate which was located within the duct approximately 1. 25 in, aft of the probe tip.
A line diagram of the test equipment and installation assembly is shown in Fig. 2 . The probe was offset laterally from tunnel centerline to allow the instrument lines to clear the sector hub. All joints along the AEDC-TR-66-28 instrument lines, with the exception of the "tee" flare fittings (at Section (a)) and the unions, were soldered to provide a smooth inside wall. The flowmeter was provided by the Bendix Corporation and was a commercially available instrument calibrated, at atmospheric conditions, for a maximum flow rate of 10 standard cubic feet per minute at a differential pressure of 10.43 in. of water. Two needle valves were installed in parallel between the flowmeter and the vacuum or high pressure air source. The larger valve had a 0. 3125-in. -diam orifice and the smaller valve, which was used to make fine adjustments to the flow rate, had a 0. 0625-in. -diam orifice.
INSTRUMENTATION AND TECHNIQUES
The instrument lines from the probe pitot and static ports were connected to 15-psid transducers immediately outside the tunnel wall. The transducers were referenced to either a vacuum or atmospheric pressure and were calibrated for ranges of 15, 5, and 1 psia. The pressure measurements are considered accurate to within ±0. 2 percent of the range being used, and the atmospheric reference pressure was measured to within ±0. 03 psia.
The flowmeter differential pressure was recorded with an oil U-tube micromanometer, and a flow rate was determined from calibration data which was furnished by the flowmeter manufacturer. Since the meter was calibrated at standard atmospheric conditions, meter outlet pressure and temperature were recorded to correct the indicated flow rate. The pressure measuring instrumentation for the flowmeter was similar to that described above, and the temperature measurement was made by a copper-constantan thermocouple installed within the flow line just beyond the meter exit.
SECTION III TEST PROCEDURE
At each Mach number, probe pitot and static pressures were measured for the no-flow condition and, subsequently, various probe pressure ratios {p,/p ' or Pg/p^) were established by throttling the flow through the control valves until a desired probe pressure (p^ or p ) was obtained. This procedure was repeated until the flow rate reached a maximum value or until the maximum flowmeter differential pressure was reached.
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The nominal tunnel operating conditions at which the data were obtained are given in Table I .
SECTION IV RESULTS AND DISCUSSION
The test results for drawing flow through the pitot and static ports of the probe are given in Fig. 3 , and the results obtained for ejecting flow through the probe tubes (blowing) are given in Fig. 4 . The measured probe pressures (p t and p g ) have been ratioed to the appropriate value for no tube flow (p 0 ' for the pitot and p^ for the static ports) and presented as a function of a nondimensional tube flow parameter. Presented in this form, the data may be viewed from the point of simple duct flow since in the suction tests the pressures p_J and p", can be considered as constant supply pressures and the measured pressures (p t and p s ) as duct back pressure. For the blowing case, this illustration is reversed and the ducts exhaust to constant back pressures (P 0 ' and pj.
The results presented in Figs. 3a and 4a show that the pitot tube data follow trends classically portrayed for simple, one-dimensional flow in constant area ducts with friction (after Shapiro, Ref. The results for the static tube are given in Figs. 3b and 4b and, in contrast to the pitot tube results, show a strong dependence upon the tunnel free-stream conditions. There is little or no correlation of these data by the simple duct flow analysis as was shown for the pitot tube data, and for this reason curves of various friction parameters are not presented. These results are not surprising when one considers the complicated flow picture associated with flow into or out of the static orifices immersed in free-stream flow. Unlike the pitot tube, the flow approaching the static ports is tangential rather than normal, and neither the entering flow conditions or effective flow area at the orifices can be simply treated.
In regard to the static tube data, it should be noted that no results are presented for M^, = 1.5 because the reflected nose shock wave intersected the probe near the location of the static orifices.
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Schlieren photographs obtained during the phase when flow was being ejected through the probe tubes are presented in Fig. 5 for the probe immersed in M a = 2 free-stream flow to illustrate the disturbances created by the out-flow into the stream.
It was also noted during the tests that for the range of conditions investigated there was no effect on the static pressure measurement of flow into or out of the pitot tube. These data are not presented in this report. Tests of a standard, aircraft-type, pitot-static probe were conducted in the 12-in. supersonic tunnel of the von Karman Gas Dynamics Facility to evaluate the effects on the probe total and static pressures resulting from drawing flow from the tube or putting flow into the tube. The data were obtained with the probe at zero angle of attack in a supersonic stream at Mach numbers from 1.5 to 5, and the Reynolds number per inch ranged from 0.12 x 10 6 to 0.58 x 10°. The results are presented in terms of the ratio of measured probe pressure to the pressure for no tube flow as a function of a nondimensional parameter representing the quantity of flow being passed through the tube.
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